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. Race-based residential segregation as a fundamental social cause of prostate cancer disparities
Housing Characteristic route and/or health effects Related references

Individual home ownership
Area home ownership non-homeowners have been documented to have more problems with heat, dampness, security. Inflammation and stress may be important (5;6) Housing built before 1950 lead based paint (7) , (8) Crowding infection, stress, and hormone levels (9-13) Vacant homes lead and stress (8;14;15) Tables are presented at the end of each Task. 
II. Body
Background and Patient Characteristics
Cases and controls used in this secondary analysis were originally enrolled in the Gene-Environment Interaction in Prostate Cancer Study (GECAP) . The study population consists of African-American and white men who were patients in the Henry Ford Health System (HFHS), which provides medical care to between 20 and 30 percent of the metropolitan Detroit population. Eligible cases and controls used the HFHS as their primary source of health care, lived in the study area at time of recruitment, had no other serious medical problems that would preclude participation, and had no previous history of prostate cancer. Potential cases were identified after prostate biopsy or transurethral resection of the prostate (TURP) through the HFHS central pathology department and had a diagnosis of primary adenocarcinoma of the prostate. A stratified random sample of potential controls based on race (White or African-American) and five-year age group was drawn from the HFHS patient database such that the final enrolled sample was approximately 3 cases: 1 control. The over sampling of cases compared with controls was done because the primary objective of the original study was to evaluate gene-environment interaction using a case-only analytic approach (16) . All study protocols were approved by the Henry Ford Hospital Institutional Review Board. Subjects were given a $50 stipend for participation in the original study. Between July 1, 2001 and December 31, 2004 the study attempted to enroll 863 men who had been diagnosed with prostate cancer within the last two years and 668 agreed to participate (77%). Of the 381 potential controls reached by telephone, 258 (68%) agreed to participate and 123 (32%) refused to participate. During the course of enrollment, eight cases and one control were found ineligible and 23 cases and 13 controls did not complete the study protocol, resulting in final study participation percentages of 75% (637/855) for cases and 64% (244/380) for controls.
Of 881 men in the parent study, 874 were self-identified as African-American or white and had a Michigan address for geocoding and mapping to census data for this study. Eleven residential addresses that did not initially match a census tract were resolved by correction of the address (i.e. avenue for street, apartment number in street address) or when determined to be correct but unmatched, were placed in a tract and block group by using web based mapping programs to identify street and cross streets. Because the addresses were used for mailings during the parent study and subjects confirmed current addresses during the study interview, it was assumed that addresses were real and no subjects were eliminated for having erroneous street addresses. One subject resided in a neighboring state and was removed because he did not live in the residentially segregated Metropolitan Detroit area. Figure 2 shows the distribution of study subjects in the Metropolitan Detroit area. African Americans (indicated by in Figure 2 ) as expected are more likely to reside in Detroit than their white counterparts. As shown in table 1, cases and controls and black and white subjects did not differ by age. African-Americans were significantly more likely to be residents of Detroit and were less likely to own a home. African-Americans and whites differed significantly on all census tract housing factors which included percent of homes owned, percent of homes built before 1950, percent of homes with crowding (>1 person per room) and percent of homes vacant (Table 2) . On average, African-American participants were more likely to live in census tracts with lower home ownership, higher percentages of older homes, and more crowded and vacant dwellings. Census housing measures were all modeled as continuous variables after being divided into quintiles. We found in initial descriptive analyses that distributions were skewed and that outliers tended to be of one race depending on the variable. For example, there were more African-Americans determined to be outliers on the variable census tract home vacancy. Since these outliers are real, census tracts with >50% vacancy, we did not want to exclude them from the analysis. In addition, transforming the independent variables would have proved to be difficult to interpret. Therefore, area housing measures were divided into quintiles and modeled as continuous variables. (table 2) and insurance status did not differ across race, African American cases were more likely to be enrolled in Medicare or Medicaid that was not administered by an HMO (cases 27.6% vs. controls 15.1%, p=.036). Education at both the census tract and individual level (self-report) differed significantly by race. In addition, census tracts for African American subjects had higher unemployment than whites. However, black and white participants and cases and controls were equally likely to work in the manufacturing sector as their predominant employment and had a similar number of employers over their work history. With the exception of the percent of family headed households in a census tract, African American and white subjects different significantly on all other neighborhood factors, including median household income and male headed households. White cases had a significantly higher percentage of male headed households than controls but the relative difference (27.1% vs. 27 .9%) was small. The percent black and percent white residents in tracts was not included in analysis as the majority of black participants lived in predominantly black neighborhoods (median 93.3% black and median 4.3% white) and the majority of white participants lived in census tracts with predominantly white residents (median 94.1% white and median 1.4% black).
Proximal level factors including health behaviors, lead exposure, marital status and genetic polymorphisms are reported for cases and controls in table 4. Cases had significantly more PSA tests and DREs in the one to four years prior to diagnosis or enrollment when compared to controls (PSA tests (mean ± sd): cases 2.85 ±2.46 vs. controls 2.29 ±1.78, p=.001, DRE (mean ±sd): cases 2.68 ±2.31 vs. controls 2.21 ±2.09, p=.006). There were no racial differences in PSA and DRE testing in either cases or controls. In terms of reported dietary intake, fat intake (percent of total energy) was significantly higher in white controls when compared to white cases (36.4% vs. 34.7%, p=.035) . African-Americans consumed less calcium and vegetables but significantly more selenium than whites. Vitamin D was marginally lower in African-Americans. Two-thirds of all men reported smoking regularly (66.2%) at some time in their life and after review by one of two industrial hygienists nearly the same proportion were determined to have had an occupational exposure to lead (66.6%). More African American controls reported ever smoking compared to race matched cases (76.4% vs. 65.8%, p= .046). There was no overall difference in rates of smoking by race, although African American controls were significantly more likely to report smoking when compared to white controls (76.4% vs. 59.6%, p=.006). Within men who were occupationally exposed to lead, 65.2% had respiratory lead exposure and 21.1% were determined to have cutaneous lead exposure while working. White cases had significantly higher mean years of lead exposure compared to race matched controls (7.9 ± 11.6 years vs. 5.4 ± 9.35 years, p=.027 ). On average African American cases had fewer years of occupation lead exposure than African American controls but this difference was not significant (5.90 ± 8.80 years vs. 6.61 ± 10.16 years, p=.50 ). There were no frequency differences between cases and controls on any of the genetic polymorphisms with exception of GSTM1 in African-Americans. There were significant frequency differences for all genetic polymorphism between races.
Prostate cancer is a disease of older men and comorbid conditions are prevalent in this age group. More than half (62.1%) of all study participants had a history of hypertension at the time of diagnosis (cases) or enrollment (controls) ( Table 5) . Diabetes was also prevalent with 18.7% of study subjects having medical record evidence of the disease. African Americans had significantly more hypertension and diabetes but did not differ from whites on BMI. A BMI ≥30 was most common among white controls. BPH was documented for nearly one third of all men and cases had significantly more BPH than controls. Cases were more likely to report a family history of prostate cancer in a brother or father than controls (21.2% vs. 13.2%, p=.006). However, it was determined that family history of disease would not be used in the analysis because data for African-Americans were more often unknown. Among African American men 20.2% did not know their biological fathers prostate cancer status compared to 11.1% of whites (p =.001). In addition, of 583 men who reported having at least one brother prostate cancer status was unknown for 9.1 % African-American reported brothers (62 of 684 brothers) compared to 5.0 % of white brothers (37 of 740 brothers). Family history of disease for African-Americans varied by as much as 20% across quintiles of median household income with lower rates of family history reported in the poorest quintiles.
In terms of aggressiveness of prostate cancer among cases, there were significantly more AfricanAmericans with PSA greater than 10 ng/ml at diagnosis. Interestingly, older cases (>62 yrs) with high and low PSA at diagnosis did not differ in the number of PSA tests they underwent one to four years before diagnosis (PSA ≤10 ng/ml, 3.14 (sd ± 2.25) vs. PSA >10 ng/ml, 3.35 (sd ± 3.58) ). However, younger cases and in particular younger African American cases with high PSA at diagnosis underwent fewer PSA tests than younger African American cases with low PSA at diagnosis (mean (± sd) PSA tests: 2.24 ±1.98 vs. 1.27 ±1.72, p=.03). Tables 2 through 5 summarize these findings. Task 1 To determine whether selected area housing and individual housing status (homeownership, housing density(crowding), and other housing factors such as age of structure and/or heating sources) are associated with prostate cancer risk, age at diagnosis, and tumor aggressiveness and whether housing status is associated with observed racial differences in these prostate cancer outcomes.
As outlined for Task 1, associations between home ownership and census tract housing measures and prostate cancer risk and aggressiveness were assessed after adjusting for age and race (Tables 6a-d ). Age at diagnosis was dropped as an outcome, when it was determined that a cohort would need to be established to complete this aim. This change was described in the Year 1 report. In place of age at diagnosis we added PSA level at diagnosis as an outcome. Originally, only stage and Gleason grade were listed as measures of aggressiveness.
Individual level home ownership (modeled for non-owner), census tract (area) home ownership (modeled highest to lowest quintile), percent of homes built before 1950 (modeled lowest to highest quintile), percent of homes with crowding (modeled lowest to highest quintile) and the percent of homes vacant (modeled lowest to highest quintile ) were assessed in relation to each of the four prostate cancer outcomes. Logistic regression was used and because of multiple comparisons in both Task 1 and 2, we used the significance criteria suggested by O'Brien (17) . Therefore, a p-value ≤ .01 is considered significant and a p-value ≤ .05 is considered suggestive for significance.
Tables 6a through 6d summarize the findings for Task 1 and for prostate cancer risk (6a) and disease aggressiveness (6b-d). Crowding was the only housing factor with probable association with risk of prostate cancer after adjustment for age and race (table 6a) . Specifically in whites, increased crowding was associated with lower risk of disease (OR 0.84, CI .71-.99, p=.03). For the three prostate cancer aggressiveness outcomes, only housing built before 1950 was appeared to be associated with higher Gleason grade in whites (OR 1.20, CI 1.00-1.43, p=.047). Note the confidence interval includes 1.0, however. Task 2 To determine, through the use of factor analysis, whether area housing and individual housing status, is associated with prostate cancer risk, age at diagnosis, and tumor aggressiveness, through "latent factors" that include diet, physical activity, and genetic polymorphisms and whether those "latent factors" differ by race.
Residential segregation in addition to affecting the quality of available housing also impacts health care access, quality of education, employment opportunities and neighborhoods. These intermediate level factors were adjusted for in Task 2 step 1. Backward logistic regression (Wald) was used to reduce the number of intermediate level variables. Separate models were run for all subjects and by race and for each outcome to ensure that variables important for both races and for risk and aggressiveness outcomes were included. In the second step of Task 2 proximal level variables were added and backward logistic regression was used again to reduce the number of variables included in final models. Table 7 includes the covariates included in final models for each outcome. In order to be included, variables had to remain in the final step of the backward regression model and be significant at p ≤ .05. Additional variables were removed when correlations were higher than r 2 =.80 (example: number of PSA and number of DREs were highly correlated). Comparing variables included in final models for each outcome, indicates that different intermediate and proximal level factors are important for each outcome. We also stratified by common comorbidities. 36-1.19, p=.17) . Increased older housing was also associated with higher Gleason grade at diagnosis among all non-hypertensive cases and white cases and approached significance in non-hypertensive African Americans (table 14) . Among all cases risk increased with each successive quintile (Q) with the exception of quintile 4 and was significant for quintiles 3 and 5 compared to quintile 1 (Q2 OR 1.64, CI 0.67-4.01, p=.28, Q3 OR 2.97, CI 1. p=.009, Q4 OR 2.88, p=.07, p=.001) . In whites with high BMI or no BPH, risk of higher Gleason at diagnosis was increased with higher quintile of older housing. Housing built before 1950 was also associated with stage at diagnosis (table 15) . In all cases and white cases with low BMI , having higher levels of older housing in a tract was significantly associated with reduced risk of late stage disease. African -American cases also showed reduced risk of late stage disease in those with low BMI but findings were not significant (OR 0.83, CI 0.40-1.76, p=.63). Interestingly for African Americans, when medium and high BMI categories were combined, the association between older housing and increased risk of late stage disease was nearly significant (African American medium and high BMI cases combined OR 1.44, CI 1.00-2.09, p=.053). Non-diabetic African American cases (OR 1.48, CI 1.04-2.11, p=.03) and those with no history of BPH (OR 1.54, CI 1.08-2.20, p=.018) were also at increased risk for late stage disease. There were no significant associations between housing built before 1950 and PSA at diagnosis once proximal factors were entered into models.
Crowding
The affect of crowding on prostate cancer outcomes was relegated to those with BPH in Aim 3. AfricanAmericans with BPH living in more crowded housing were at increased risk for prostate cancer (N=100, OR 3.65, p=.028) . Risk was elevated for all subjects and whites as well but findings were not significant (All N=252, OR 1.28, CI 0.88-1.88, p=.20; whites N=152, OR 1.24, CI .77-2.01, p=.37). Higher quintile of crowding was also associated with higher Gleason score in all cases with BPH (OR 1.32, CI 1.02-1.70, p=.036), although race specific findings did not reach significance. Interestingly, in all cases with BPH crowding was associated with reduced risk of high PSA at diagnosis (N=204, OR 0.61, CI 0.38-0.98, p=.04). Crowding was not associated with stage at diagnosis.
Vacant Housing
As with crowding, associations with vacant housing and prostate cancer outcomes were significant only in those with BPH after adjustment for all important covariates. Among white subjects with BPH those living in neighborhoods with higher quintiles of vacant housing were at significantly increased risk of prostate cancer (N=152, OR 1.45, CI 1.01 -2.09, p=.045). Prostate cancer risk was also elevated but not significant in all BPH subjects and African-Americans with BPH living in census tracts with higher quintiles of vacant housing (ALL N=252, OR 1.30, CI .99-1.71, p=.06; African-American N=100, OR 1.57, CI .92-2.68, p=.10). Increased vacant housing was also significantly associated with higher Gleason grade among all cases with BPH (N=201, OR 1.26, CI 1.01-1.58, p=.04). Vacant housing was not associated with PSA or stage at diagnosis.
Lead (Occupational) and Prostate Cancer Outcomes
Because housing built before 1950 was used as a proxy for neighborhood lead exposure and older housing was significantly associated with more prostate cancer outcomes than any other housing status measure, we examined the association between the covariate occupational lead exposure (any exposure, any respiratory exposure, and any cutaneous exposure) and prostate cancer outcomes. If occupational lead exposure was not associated with prostate cancer outcomes, then 1950 housing, a lower source of lead exposure in general, would likely not be the reason for associations between older housing and prostate outcomes. If occupational lead exposure is associated with prostate cancer outcomes, then older housing may be important to prostate cancer outcomes as an additional source of lead exposure. In Task 2 occupational lead exposure remained in final models for the outcomes of high PSA and high Gleason score. Tables 11a through 11d summarize occupational lead exposure and risk for each prostate cancer outcome taking into account the four genetic polymorphisms, androgen receptor GGN, glutathione-S-transferase pi (GSTP1) and mu (GSTM1), and Vitamin D receptor BSMI, that were identified as important covariates for prostate cancer outcomes in Task 2.
The androgen receptor is believed to play a role in prostate cancer development and progression. Two repetitive variants in the androgen receptor, CAG and GGN, have been studied in prostate cancer extensively, but with very mixed results (18) (19) (20) (21) . These repeat variants occur at different frequencies of length in blacks and whites. Most prostate research has focused on these variants ability to modify hormone levels, specifically androgen. Low levels of Vitamin D have also been associated with prostate cancer (22)and Kemp et al. (23) have reported that in urban children, higher levels of summer time Vitamin D, related to sunlight exposure, were associated with higher blood lead levels in young children. The Vitamin D BSMI polymorphism will be included in this study along with the CAG and GGN polymorphisms. Finally, polymorphisms of the glutathione-S-transferase (GST) family have been implicated in prostate cancer (24) . GST is a large family of phase II detoxification enzymes that are considered to be cancer markers because of their importance in the detoxification of substances with carcinogenic potential. Lead exposure has been shown to cause dramatic changes in expression of GSTs in rat kidney (25) and some GSTs detoxify polycyclic aromatic hydrocarbons (26) , pollutants found commonly in urban environments. Two GST variants GSTP1 and GSTM1 will be included in analyses. The coding for these genetic variants is as follows: Androgen Receptor CAG (<22 repeats, ≥ 22 repeats) and GGN (<17 repeats, ≥ 17 repeats), Vitamin D BSMI (wild type/wild type vs. wild type/mutant vs. mutant/mutant), GSTP1 ile105val variant (wild type/wild type vs. wild type/mutant vs. mutant/mutant) and GSTM1 variant (present vs. absent). Only significant findings are reported.
For each prostate cancer outcome there was at least one genetic association that appeared to be affected by either the presence or absence of occupational lead exposure. In table 11a, African-American men who did not have a history of occupational lead exposure had increased risk of prostate cancer if they carried the long GGN repeat length (>22) polymorphism of the androgen receptor gene (OR 2.64, CI 1.02-6.79, p=.045). Among occupationally lead exposed African-American's, there was no difference in risk between subjects carrying the long GGN repeat and short repeat length (OR =80, CI .46-1.42, p=.45). In non-occupationally exposed men, the GSTM1 absent genotype was associated with lower risk of prostate cancer when compared to men carry the present allele. Again these associations were not found in men exposed to lead in occupational settings. Table  11b includes the significant associations identified for higher PSA at diagnosis. GSTM1 and GSTP1 polymorphisms show significant associations with PSA at diagnosis within unexposed men but not within lead exposed men. Table 11c includes the Vitamin D BSMI polymorphism and associations for high Gleason score at diagnosis. Lead exposed cases and lead exposed African-American cases carrying the CT or TT genotype had significantly higher risk of high Gleason score when compared to men carrying the CC genotype (All Cases OR 1.86, p=.004, African American cases OR 2.98, p=.001 ). Findings were not significant in those unexposed to lead, although risk was elevated. It should be noted that sample size was smaller in this unexposed group as well and may be a factor in these differences. Occupational lead exposure and stage at diagnosis findings are summarized in table 11d. The AR_GGN and GSTM1 polymorphisms were associated with later stage of disease. However for GGN the association with stage occurs in lead exposed men (All OR 2.15, p=.015, African American OR 2.44, p=.02 ) and for GSTM1 higher risk of late stage prostate cancer for men carrying the longer repeat polymorphism, occurred in men who were unexposed to lead. These results indicate that occupational lead status is an important modifier of several of the genes and polymorphisms commonly studied in prostate cancer, thereby, lending evidence to the hypothesis that older homes may also contribute to prostate cancer outcomes and disparities.
Lead (Occupational) and Common Comorbidities in Prostate Cancer Cases and Controls
Important findings from Task 2 occurred when results were stratified by comorbid conditions. Therefore, we assessed the association of lead with comorbidities in prostate cancer cases and controls (Table 12 ). Since the mid-1990s the association between lead and hypertension has been known (27) and data from the same study, the Normative Aging Study, also indicates that diabetes can modify the effects of lead (28) . It is also known that lead can replace zinc in many biological proteins and a hallmark of BPH containing prostate tissue is high levels of zinc. In contrast, prostate tumor tissue is generally depleted of zinc. Therefore we examined whether there were associations between occupational lead and the common comorbidities in prostate cancer cases and controls. Table 12 shows that indeed within cases and controls occupational lead is associated with these comorbidities and interestingly these associations differ by prostate cancer status. This finding is consistent with the model of fundamental social causes of disease put forward by Link and Phelan (4) and modified by Williams and Collins (3; 3) to include racial residential segregation. Although the African American and white men in this study did not differ significantly in their occupational exposure to lead, Table 2 shows that more than 60% of African Americans subjects lived in the two highest quintiles of older housing compared to approximately 8% of whites. Nationally, NHANES has shown that African American men have significantly higher blood lead levels than whites (29) (30) (31) .
Summary Task 2
The case-only design of the parent study and the 3:1 case to control ratio may have reduced our ability to measure significant differences in risk of disease. We did identify associations between housing status and disease aggressiveness, however. Of the five housing status measures assessed, the percent of homes built before 1950 was the housing characteristic most often associated with prostate cancer outcomes, particularly the aggressiveness features of higher Gleason grade and higher stage at diagnosis. The other housing status measures were mainly associated with prostate cancer outcomes when BPH status was taken into account. Occupational lead was associated with polymorphisms commonly studied in prostate cancer and lead was associated with the common comorbidities in prostate cancer cases. These findings together indicate that older housing which has higher levels of lead may be associated with prostate cancer aggressiveness. Adjusted for age, (race), % less than high school in census tract, self-reported education, % unemployed in tract, employment sector (manufacturing vs. nonmanufacturing), PSA tests, total calories, calcium, AR_GGN, and GSTP1 
Task 3
To begin to test biological pathways through which housing status may impact prostate health outcomes; specifically, whether housing status is associated with markers of DNA damage (polycyclic aromatic hydrocarbons DNA-adducts (PAH)) and DNA stability (telomere content) in prostate tumor tissue and tumor-adjacent normal tissue of African-American and white cases.
We used prostatectomy specimens, from 397 of the parent study prostate cancer cases who underwent surgery as their primary treatment, to determine if there were associations between housing status and DNA damage as measured by polycyclic aromatic hydrocarbon (PAH) adducts. DNA adducts are one of two pathway to DNA damage, the underlying cause of mutations that lead to cancer. The immunohistochemical methods for PAH adduct measurement with the BPDE (5D11) antibody have been previously described (32) . We also measured telomere content as a marker of DNA damage in 27 prostate samples but the sample size was simply too small to adequately evaluate associations with housing status. For the housing status and PAH adduct analysis, we used backward stepwise (Wald) logistic regression as in Task 2 to reduce intermediate and proximal covariates. Further reduction of covariates was necessary based on the smaller sample size, therefore, we removed one of any two variables that had correlations higher than r 2 =.65. As in Task 2 we considered findings with p ≤ .01 to be significant and p≤.05 to be a suggestive finding. Covariates that remained in final models are listed in Appendix 2. After adjusting for intermediate and proximal level covariates as well as age and race, we found that census tract (area) home ownership was the housing status measure that was most consistently associated with PAH adduct levels. In tumor-adjacent normal prostate tissue, lower area home ownership was associated with lower adduct levels in African-American men who did not have BPH (N= 123, OR 0.42, p=.006) At present our data set does not provide clues as to the reasons for associations observed between lower home ownership and lower adduct levels in normal tissue of African-American cases. Therefore, we plan to randomly select five low ownership census tracks and five high ownership census tracts of African-American cases and will qualitatively assess potential differences in PAH sources. The association for higher adducts in obese men living in older housing was a suggestive finding and may be of interest since lead and PAH are known to co-occur. For example combustion sources may produce PAH while at the same time dispersing lead. Before the 1980's this would have been the case for auto emissions.
In the process of conducting this multivariate analysis we also found two associations not previously reported. Among African-American cases, those in the highest tertile of zinc consumption were at increased risk for high PAH adduct levels in tumor-adjacent normal tissue when compared to the lowest tertile of zinc consumption (N= OR 1.66, CI 1.12-2.47, p=.011). Zinc has been shown to activate the production of 3-nitrobenezanthrone adducts in vitro (33) . 3-nitrobenezanthrone is a nitro-PAH and potent mutagen found in diesel exhaust and ambient air particulate matter, especially in urban areas (34) . Zinc is capable of reducing the nitrogen component of nitro-PAHs thereby activating their carcinogenic potential (33) . The PAH antibody used for this study is not expected to associate with nitro-PAHs although it is a non-specific antibody for BPDE adducts. Future studies of prostate cancer disparities should examine zinc and PAH-and nitro-PAH adducts. 38-1.59, p=.49) . This finding remained significant even after adjustment for occupational exposure to PAH, dietary intake of PAH, smoking, Gleason grade, and age. The BSMI polymorphism was not associated with adducts in African-American cases which is interesting since, we propose that African-Americans are likely exposed to higher levels of lead in their homes and neighborhoods and not just through occupational exposures. Perhaps the difference in findings by race is related to differences in lead exposure. Although occupational lead exposure alone was not associated with PAH adduct levels. Some studies have shown that the BSMI T allele is associated with higher bone and blood lead levels in lead exposed workers (35;36) and one study in HepG2 cells indicated that lead inhibits PAH induction by inhibiting genes that metabolize PAH (37) . Our findings would indicate that the BSMI polymorphism is either acting independent of a lead pathway on adduct formation or that BSMI might be important to adduct formation when body lead stores are low.
Overall our findings suggest that housing status, including census tract home ownership and age of housing, should be further studied in regard to PAH adduct levels and general DNA damage in prostate cancer. In addition zinc intake, lead exposure and the BSM1 polymorphism of the vitamin D receptor may also be important in racial differences in DNA damage pathways.
III. Key Research Accomplishments
Task 1. to determine whether selected area housing and individual housing status (homeownership, housing density, and other housing factors such as age of structure and heating sources) are associated with prostate cancer risk, age at diagnosis, and tumor aggressiveness and whether housing status is associated with observed racial differences in these prostate cancer outcomes. a. Geocoding and retrieval of census housing data was completed (Yr 1). b. Completed capture of individual level housing variables (Yr 1 and 2). c. We did not conduct survival analysis. In Year 1 it was determined that a cohort would need to be established. Instead we assessed PSA level at diagnosis as a fourth outcome.
d. Race stratified analyses were conducted.
Task 2. To determine, through the use of factor analysis, whether area housing and individual housing status, is associated with prostate cancer risk, age at diagnosis, and tumor aggressiveness, through "latent factors" that include diet, physical activity, and genetic polymorphisms and whether those "latent factors" differ by race. a. Instead of conducting factor analysis, a two step logistic regression process was used to incorporate a comprehensive set of intermediate and proximal covariates.
b. Race stratified analyses were conducted. In addition, results were stratified by common comorbid conditions. 
V. Conclusion
This study which assessed housing status in relation to prostate cancer risk and aggressiveness and DNA damage has provided initial evidence that residential segregation may indeed be a fundamental social cause of race disparities in prostate cancer outcomes, in particular disease aggressiveness. The study also identified lead and PAH adducts as two potential pathways for future studies of housing status and prostate cancer etiology and outcome. The study also highlights the importance of accounting for other comorbid conditions that are likely linked to racial residential segregation. There are already known technologies and processes for lead abatement in homes and for lead chelating therapy. If future studies confirm our findings, lead exposure may become a new target for efforts to reduce prostate cancer disparities. From our findings on occupational lead exposure and commonly studied genetic polymorphisms, we have also learned that lead may be hindering researches abilities to find other causes of the disease and may explain some of the variations in genetic polymorphism findings across populations.
